The understanding of the beach capability to resist and recover from a disturbance is of paramount importance in coastal engineering. However, few efforts have been devoted to quantifying beach resilience. The present work aims to investigate the shoreline resistance and resilience, associated to a transient disturbance, on a sandy beach. A temporary groin was deployed for 24 h on a micro-tidal sea-breeze dominated beach to induce a shoreline perturbation. Morphological changes were measured by means of beach surveys to estimate the beach perturbation and the further beach recovery after structure removal. An Empirical Orthogonal Function (EOF) analysis of the shoreline position suggests that the first EOF mode describes the spatial-temporal evolution of the shoreline owing to the groin deployment/removal. A new one-line numerical model of beach evolution is calibrated with the field surveys, reproducing both the sediment impoundment and subsequent beach recovery after the structure removal. Thus, a parametric numerical study is conducted to quantify resistance and resilience. Numerical results suggest that beach resistance associated to the presence of a structure decreases with increasing alongshore sediment transport potential, whereas resilience after structure removal is positively correlated with the alongshore diffusivity.
Introduction
The stability of an ecosystem depends on both resistance and resilience capability to withstand a given perturbation associated to either natural or anthropogenic disturbances [1] [2] [3] . The resilience concept has been widely employed in ecological [4] and social [5] sciences and disaster risk reduction [6, 7] . However, studies incorporating resilience for coastal engineering applications are scarce [8] [9] [10] and hence further research is needed [11] . Wind conditions in the study area are dominated by synoptic scale patterns (i.e., BermudaAzores, easterly winds, cold-fronts and tropical waves) and local sea breezes [23] . The NE sea breeze winds are present throughout the year but are more frequent and intense in May. On the other hand, Central America Cold Surge events, associated with cold-front passages, are more frequent during winter months. Cold-fronts, usually originated in the Rocky Mountains [24] , are characterized by sustained winds (W > 15 m s −1 ) from the NNW and a high-pressure system (Figure 2a) . Therefore, the mean wave climate in the study area is associated to locally generated NE waves owing to sea breeze events, with significant wave height Hs < 1 m (at h = 10 m water depth) (Figure 2b ). More energetic NNW swell waves (Hs > 2 m and Tp > 7 s), associated to cold-fronts, occur during winter months (see Figure 2b) . Furthermore, the presence of tropical storms is ubiquitous in the area [25, 26] . Tidal regime is mixed, predominantly diurnal, with a spring and neap tidal range of 0.8 m and 0.1 m, respectively [27] .
Torres-Freyermuth et al. [22] conducted a field experiment to characterize the nearshore circulation during both intense local sea breeze events and synoptic Norte events. They found that during intense sea breeze events the alongshore currents significantly increase inside the surf and swash zones. Therefore, in the present case of a coast subjected to sea breeze conditions, the highly oblique winds (see Figure 2a ) play a major role in driving longshore currents and consequently longshore transport [28] [29] [30] . Torres-Freyermuth et al. [22] conducted a field experiment to characterize the nearshore circulation during both intense local sea breeze events and synoptic Norte events. They found that during intense sea breeze events the alongshore currents significantly increase inside the surf and swash zones. Therefore, in the present case of a coast subjected to sea breeze conditions, the highly oblique winds (see Figure 2a ) play a major role in driving longshore currents and consequently longshore transport [28] [29] [30] .
The beach in the study area is composed of sand with median grain size, D 50 , equal to 0.3 mm [31] . Furthermore, it presents a shoreline orientation 14 • south of the E-W orientation [22] , which is altered near the port's jetty and the Sisal Pier. The nearshore bathymetry is characterized by the presence of a sand bar system (Figure 3 ), where the outer bar is relatively alongshore uniform and inner bars present a high seasonal variability. Analysis of the shoreline variability, during the intense sea breeze season (May to September, 2015) , at two transects bounding the study area suggests a small (<3 m) cross-shore variation at these locations (not shown). Therefore, the temporal groin experiment was conducted between these two transects located at the middle section between the two structures ( Figure 3 ). The beach in the study area is composed of sand with median grain size, D50, equal to 0.3 mm [31] . Furthermore, it presents a shoreline orientation 14° south of the E-W orientation [22] , which is altered near the port's jetty and the Sisal Pier. The nearshore bathymetry is characterized by the presence of a sand bar system (Figure 3 ), where the outer bar is relatively alongshore uniform and inner bars present a high seasonal variability. Analysis of the shoreline variability, during the intense sea breeze season (May to September, 2015), at two transects bounding the study area suggests a small (<3 m) cross-shore variation at these locations (not shown). Therefore, the temporal groin experiment was conducted between these two transects located at the middle section between the two structures ( Figure 3 ). (25 May 2015) , showing the study area (█), the ADV (•) and the updrift/downdrift control lines (black solid lines) locations. The study site is located between the jetty of the Sisal port entrance channel (left-hand side, gray line) and the Sisal pier (right-hand side gray feature). The color bar indicates the elevation with respect to the mean sea level.
Materials and Methods
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A description of field observations and data analysis is presented in this section. Furthermore, the numerical model employed in this work is also described.
Field Experiment
The field experiment was conducted in Spring 2015 to investigate the beach stability owing to the presence/removal of an artificial perturbation in the swash zone. Beach surveys before, during and after the structure deployment allow us to investigate shoreline resistance and resilience. We focused on a short-term sea breeze event due to: (i) the important role that sea-breeze events play in the sediment transport in the study area; (ii) the difficulties for conducting the beach surveys during more energetic wave conditions (storm conditions); and (iii) the labor-intensiveness required for obtaining high-spatial and temporal resolution morphology data for a longer period.
Temporary Groin
The temporary groin built for this study was based on the design proposed by [16] . The groin dimensions are consistent with the typical structures found along the northern Yucatan coast. The structure was made of 0.19 m thick wood-sections of dimensions 2.40 m by 1.20 m, with holes (0.08 m diameter) drilled and covered with a 63 µm sieve cloth in order to avoid a returning offshore flow near the structure [16] . The groin consisted of seven wood sections, installed over a frame made of iron pipes and clamps; 10 m are inside the surf/swash zone within the region of active transport and the remaining 4.4 m lie on the dry beach resulting on a total length of 14.4 m. Furthermore, sandbags were spread out along the base of the structure to avoid bed scouring that could lead to sediment bypassing underneath the structure. The sand bags consisted of polypropylene woven raffia bags (60 by 100 cm) filled at approximately 2/3 of their capacity with sand.
The deployment of each section started from the land toward the sea, allowing a 0.20 m overlap between sections. Each section consisted of three vertical pipes pounded 1.5 m into the sand bed using a hammer and one horizontal pipe, holding the three pipes with scaffold clamps (Figure 4a ). The original design from [16] was improved by including two horizontal members, at the down-drift side of the structure (see Figure 4a ), perpendicular to the groin and attached with clamps to an additional scaffold frame. This design provided additional resistance to alongshore forces induced by wind, waves and currents. The groin deployment took approximately three hours for a team of 12 people. 
Data Collection
Different sensors were deployed to characterize the environmental conditions occurring during the field experiment. Wind data was measured every minute using a weather station located in a tower installed near the Sisal Port (Figure 1c) . Offshore wave conditions were recorded at 10 m water depth using an RDI Acoustic Doppler Current Profiler (ADCP) located 11 km offshore (see Figure 1b for instrument location). During the experiment, three breaker lines were observed at the outer and inner bars and the inner-surf/swash zone transition. Moreover, an Acoustic Doppler Velocimeter (ADV) Nortek Vector, located onshore the inner bar (Figure 5a ,b) at 0.2 m above the seabed, acquired 
Different sensors were deployed to characterize the environmental conditions occurring during the field experiment. Wind data was measured every minute using a weather station located in a tower installed near the Sisal Port (Figure 1c ). Offshore wave conditions were recorded at 10 m water depth using an RDI Acoustic Doppler Current Profiler (ADCP) located 11 km offshore (see Figure 1b for instrument location). During the experiment, three breaker lines were observed at the outer and inner bars and the inner-surf/swash zone transition. Moreover, an Acoustic Doppler Velocimeter (ADV) Nortek Vector, located onshore the inner bar (Figure 5a ,b) at 0.2 m above the seabed, acquired high-frequency (16 Hz) velocity measurements during 48 h (27 May to 29 May). The instantaneous velocities were measured in the XYZ coordinate system, where velocities are defined such that u, v and w velocities correspond to the x (cross-shore), y (alongshore) and z (vertical) directions, respectively.
A temporary groin was deployed in the inner surf/swash zone on the morning (0800 local time) of 27 May and was removed 24-h later on the morning of 28 May 2015. Beach morphology was surveyed along 15 survey lines, covering the up-and down-drift sides of the temporary structure (Figure 5a) . A Leica Differential Global Positioning System (DGPS) was employed using Real Time Kinematics (RTK) for conducting high-resolution topographic surveys. The equipment in RTK mode and Kinematic (phase) moving mode has a horizontal and vertical accuracy of 10 mm and 20 mm, respectively. The alongshore distance between transects varies from 2 to 6 m, with the highest resolution corresponding to those transects located close to the structure (Figure 5a ). The DGPS beach surveys were conducted every two hours for 24-h to evaluate the beach resistance owing to the structure presence. Furthermore, measurements continued after the structure removal, with the same two-hour temporal resolution for 10 h and then were resumed with a lower temporal resolution (i.e., 29 May, 3 June), continuing until the beach was fully recovered. A total of 20 beach surveys were conducted. Control lines, located 50 m updrift and downdrift from the structure location (Figure 5a ), were surveyed weekly to assess the natural beach variability in this area. It is worth to notice that the survey lines only cover the swash and inner surf zone and hence do not cover the entire surf zone which extends offshore. The field data is available via author's request following the instruction in the supplementary material section. The mean sea level was acquired every minute by a tidal gauge located inside the Sisal Port ( Figure 1c ). Mean sea level in the study area presents a cyclic annual variation [32] , showing a minimum in July and a maximum in October. Therefore, when a short-term experiment is carried out (days to weeks), the seasonality of the mean sea level (msl) elevation should be considered. The vertical datum of the surveys corresponds to the MEX97 geoid [33] and the difference between the vertical datum and the mean water elevation during the experiment is approximately 0.2 m. Beach surveys in the present paper are referenced to the msl during the experiment period (May-June 2015). A summary of the field data collected is presented in Table 1 . The mean sea level was acquired every minute by a tidal gauge located inside the Sisal Port ( Figure 1c ). Mean sea level in the study area presents a cyclic annual variation [32] , showing a minimum in July and a maximum in October. Therefore, when a short-term experiment is carried out (days to Water 2018, 10, 1806 7 of 21 weeks), the seasonality of the mean sea level (msl) elevation should be considered. The vertical datum of the surveys corresponds to the MEX97 geoid [33] and the difference between the vertical datum and the mean water elevation during the experiment is approximately 0.2 m. Beach surveys in the present paper are referenced to the msl during the experiment period (May-June 2015). A summary of the field data collected is presented in Table 1 . The shoreline position (z = 0) was extracted from each of the cross-shore DGPS survey lines. An Empirical Orthogonal Function (EOF) analysis of the shoreline position [34] [35] [36] , with respect to the initial shoreline, was performed in order to investigate the dominant modes of variability during the experiment. The EOF analysis allows to represent the coastline data, x(y, t), as a summation of n spatial (e n (y)) and temporal functions (c n (t)), where the variance explained decreases with the mode number, as follows:
The shoreline variability associated to the presence of the temporal groin can be evaluated by analyzing the resulting spatial and temporal functions.
Wind magnitude and direction, from the meteorological tower, were averaged every 5 min. Wave statistics measured by the ADCP were computed every 60 min based on pressure and velocity measured at 2 Hz. On the other hand, the ADVs velocity information was removed when the correlation value was less than 80% with the aim of identifying potentially inaccurate measurements. The measured velocities were averaged over 512-s intervals to ensure stationary conditions and further estimate the (cross-and along-shore) currents inside the surf zone.
Numerical Model

Model Description
Numerical simulations have been conducted by means of a newly proposed morphodynamic model, named General Shoreline beach 1.0 (GSb), belonging to the one-line model typology [37] . This typology assumes that the beach cross-shore profile remains unchanged [38, 39] , thereby allowing beach change to be described uniquely in terms of the shoreline position. The peculiarity of the GSb model consists of simulating shoreline evolution based on a longshore transport formula/procedure suitable at any coastal mound: sand, gravel, cobbles, shingle and rock beaches [40] [41] [42] [43] [44] . The GSb model presents one calibration coefficient solely, K GSb , which does not depend on the grain size diameter and depends on the alongshore gradient in breaking wave height [45] . The proposed general formula/procedure considers an energy flux approach combined with an empirical/statistical relationship between the wave-induced forcing and the number of moving units. GSb model allows to determine short-term (daily base) or long-term (years base) shoreline change for arbitrary combinations and configurations of structures (groins, jetties, detached breakwaters and seawalls) and beach fills that can be represented on a modelled reach of coast. A demo version of the numerical model can be downloaded by following the instructions in the supplementary material section.
Data Analysis
The results from the numerical simulations have been adopted to investigate the shoreline beach resistance and resilience at the considered stretch of coast. The resistance index, RS and resilience index, RL, proposed by [2] , to investigate ecological stability, were adapted for the present study. RS is then defined as,
where ∆S 0 represents the cross-shore distance, at t 0 = 720 h, between the perturbed shoreline and the unperturbed shoreline, in vicinity of the groin and l is the perturbation length which equals to the groin length. RS ranges between 0 and 1; minimal resistance (largest effect) to the beach perturbation corresponds to smaller values of RS. Similarly, the resilience index RL(t) is defined as,
where ∆S represents the cross-shore distance, at time t, between the perturbed shoreline and the unperturbed shoreline with RL = 1 corresponding to a fully recovered shoreline (i.e., return to the pre-disturbed condition). Shoreline beach resistance and resilience are illustrated in Figure 6 .
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Results
Field Observations
Forcing Conditions
Wind velocity time series shows a diurnal variability associated to sea-breeze events (Figure 7a ). A maximum wind speed of 16 m s −1 , corresponding to the sea breeze event peak, was recorded during the experiment in the afternoon (1630 local time) of 27 May (Figure 7a ). Offshore wave conditions, measured at 10 m water depth (Figure 7b ), are highly correlated with local winds (Figure 7a ). The wave height increased from Hs = 0.3 m measured at 10:00 to Hs = 1.0 m measured at 1800, with mean wave direction approaching from the NE (Figure 7b ). The temporary structure was deployed during neap tides (light gray shade in Figure 7c ) in order to decrease the influence of the tide on the effective length of the groin and hence restricting the swash zone width [16] . 
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Forcing Conditions
Wind velocity time series shows a diurnal variability associated to sea-breeze events (Figure 7a) . A maximum wind speed of 16 m s −1 , corresponding to the sea breeze event peak, was recorded during the experiment in the afternoon (1630 local time) of 27 May (Figure 7a ). Offshore wave conditions, measured at 10 m water depth (Figure 7b ), are highly correlated with local winds (Figure 7a ). The wave height increased from H s = 0.3 m measured at 10:00 to H s = 1.0 m measured at 1800, with mean wave direction approaching from the NE (Figure 7b ). The temporary structure was deployed during neap tides (light gray shade in Figure 7c ) in order to decrease the influence of the tide on the effective length of the groin and hence restricting the swash zone width [16] . Sea breeze events increased the wave energy inside the surf zone (Figure 8a ). The alongshore current velocity Vy becomes negligible during the land breeze (0300 h), whereas it reaches Vy > 0.3 m s −1 near the sea breeze peak (1800 h) (Figure 8b ). Thus, westward currents dominated the surf zone hydrodynamics during the measured period (red solid-line in Figure 8b ). On the other hand, the mean cross-shore current Vx (blue solid-line in Figure 8b ) shows negligible current intensity at this location/elevation during the 48 h period. Sea breeze events increased the wave energy inside the surf zone (Figure 8a ). The alongshore current velocity V y becomes negligible during the land breeze (0300 h), whereas it reaches V y > 0.3 m s −1 near the sea breeze peak (1800 h) (Figure 8b ). Thus, westward currents dominated the surf zone hydrodynamics during the measured period (red solid-line in Figure 8b ). On the other hand, the mean cross-shore current V x (blue solid-line in Figure 8b ) shows negligible current intensity at this location/elevation during the 48 h period. Sea breeze events increased the wave energy inside the surf zone (Figure 8a ). The alongshore current velocity Vy becomes negligible during the land breeze (0300 h), whereas it reaches Vy > 0.3 m s −1 near the sea breeze peak (1800 h) (Figure 8b ). Thus, westward currents dominated the surf zone hydrodynamics during the measured period (red solid-line in Figure 8b ). On the other hand, the mean cross-shore current Vx (blue solid-line in Figure 8b ) shows negligible current intensity at this location/elevation during the 48 h period. 
Observed Morphology Evolution
Beach morphology changes are evaluated by analyzing the high spatial and temporal resolution RTK DGPS survey data (Table 1 and Figure 9 ). The measured beach survey before the structure deployment (0730 local time) shows the alongshore uniformity of the beach contour lines (Figure 9a) . However, the deployment of a temporary impermeable structure (at x = 0 m) induces a shoreline perturbation owing to the sediment impoundment at the east side of the structure and erosion at the downdrift (west) side (a time-lapse video of the experiment is included as supplementary material). The beach survey conducted 24 h after the structure deployment (0842 of the 28 May 2015) shows significant changes for h > −0.6 m (Figure 9b ). These observations are consistent with the westward alongshore current associated to sea breeze events (Figure 8b ). The shoreline contour reaches a maximum advance of 6 m and maximum retreat of less than −4 m at the updrift and downdrift side, respectively. The calculated sediment volume impoundment, at the updrift side of the structure, reached 70 m 3 in 24 h (2 to 6 m 3 /m), whereas the volume loss at the downdrift for the same period is less than 40 m 3 . Differences between up-and down-drift volume changes might be ascribed to the limited alongshore spatial coverage of the topographic measurements.
Alongshore uniformity for the submerged area (h < 0 m) was observed 24 h after the structure removal (0825 of the 29 May 2015). However, a clear perturbation in the subaerial beach profile was still present (Figure 9c ). The disturbance smooths out during the following days, returning to the pre-disturbed condition (i.e., straight and parallel contours) 144 h after the structure removal (3 June 2015) (Figure 9d ).
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Numerical Modelling
The field data were employed to calibrate the GSb model. Thus, a 14.4 m long groin (10 m wet plus 4.4 m dry) was positioned at the center of the domain. The alongshore model computational domain was assumed equal to 41 m. Model grid cell resolution, DX, has been set equal to 1 m with a total number of cells, NX, equal to 41, whereas the model experiment has been simulated adopting a calculation time step, DT, equal to 0.005 h. For a direct comparison with field measurements, the recording time step of the output files has been set to 1 h. The median grain size, D50, has been set to 0.3 mm and the closure depth, h*, 0.8 m. Hourly wave conditions recorded at the ADCP located 11 km offshore the beach have been adopted as input to the GSb model (Table 2 ). 
The field data were employed to calibrate the GSb model. Thus, a 14.4 m long groin (10 m wet plus 4.4 m dry) was positioned at the center of the domain. The alongshore model computational domain was assumed equal to 41 m. Model grid cell resolution, DX, has been set equal to 1 m with a total number of cells, NX, equal to 41, whereas the model experiment has been simulated adopting a calculation time step, DT, equal to 0.005 h. For a direct comparison with field measurements, the recording time step of the output files has been set to 1 h. The median grain size, D 50 , has been set to 0.3 mm and the closure depth, h*, 0.8 m. Hourly wave conditions recorded at the ADCP located 11 km offshore the beach have been adopted as input to the GSb model (Table 2) . Table 3 shows the values of the RMSE (Root Mean Square Error) from the comparison of the observed and calculated (for different K GSb values) shoreline positions, y i,obs and y i,GSb , respectively, at 23 h after the groin deployment; the RMSE is defined as,
where N is the number of transects along the considered shoreline. A K GSb = 0.01 value determined the lowest RMSE, showing a better agreement between the calculated and the observed shoreline positions. Numerical simulations were conducted for two different lateral boundary conditions: pinned or moving lateral boundary. Figure 11 shows the comparison of the simulated shoreline positions obtained after 23 h for the two different lateral boundaries; as expected, the shoreline shapes differ in vicinity of the lateral boundaries but overlap in vicinity of the groin. If a moving lateral boundary condition is selected, the boundary will move a specified distance over a certain time period. GSb lateral boundaries have been selected as moving boundaries.
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Discussion: Shoreline Stability
Once the GSb model has been calibrated and verified, it has been used to investigate the beach resistance and resilience phenomena. The main limitation in the field data is related to the limited alongshore spatial coverage (40 m) of the topographic measurements. Therefore, for the numerical setup, we considered a 10 m long groin located in the middle of a 200 m long shoreline computational domain. For the parametric study we employed different cases (Table 4 ) encompassing constant (lowenergy) wave conditions during a 720 h period. The latter allows us to assess the resistance and resilience sensitivity to different forcing conditions on a longer time-scale basis. For all cases, the shoreline position at the end of the simulation is shown in Figure 14a . A positive correlation between the shoreline distance change and the sediment transport was observed (Figure 14b ) and hence ( ) decreases as the sediment transport rate Q [40, 41] increases (Figure 14c ). Values of ∆ ( ) were estimated for wave conditions in Table 4 . 
Once the GSb model has been calibrated and verified, it has been used to investigate the beach resistance and resilience phenomena. The main limitation in the field data is related to the limited alongshore spatial coverage (40 m) of the topographic measurements. Therefore, for the numerical setup, we considered a 10 m long groin located in the middle of a 200 m long shoreline computational domain. For the parametric study we employed different cases (Table 4 ) encompassing constant (low-energy) wave conditions during a 720 h period. The latter allows us to assess the resistance and resilience sensitivity to different forcing conditions on a longer time-scale basis. For all cases, the shoreline position at the end of the simulation is shown in Figure 14a . A positive correlation between the shoreline distance change and the sediment transport was observed (Figure 14b ) and hence RS(t 0 ) decreases as the sediment transport rate Q [40, 41] increases (Figure 14c ). Values of ∆S(t 0 ) were estimated for wave conditions in Table 4 . Table 4 and (c) resistance index temporal evolution for different wave conditions listed in Table 4 .
The numerical model was also used to simulate the beach recovery phenomena (i.e., resilience) after the structure removal. Thus, the numerical model is initialized with the shoreline from Test 6A Table 4 and (c) resistance index temporal evolution for different wave conditions listed in Table 4 .
The numerical model was also used to simulate the beach recovery phenomena (i.e., resilience) after the structure removal. Thus, the numerical model is initialized with the shoreline from Test 6A at t 0 = 720 h (e.g., yellow line in Figure 14a ), subjected to different wave forcing conditions (Table 5) , without the presence of the structure. The shoreline recovery is significant during the first 24-h for all cases (Figure 15a) , consistent with the field observations ( Figure 9) ; afterward, it continues at a lower rate. The numerical results were used to compute the temporal evolution of RL using Equation (2) for each case (Figure 14b ). Contrary to beach resistance, numerical results suggest that the beach resilience is not controlled by the longshore transport potential and it depends on the alongshore diffusivity G given by [40, 41] , 
where µ is assumed equal to 0.15 m 1/2 s −1 , h * is the closure depth, B is the berm elevation, H 1/50,b is the value of H 1/50 at breaking [40, 41] , θ b is the wave angle breaking with respect to the mean rectilinear trend of the shoreline. The diffusivity is associated to the longshore spreading of a shoreline perturbation owing to its departure from equilibrium for the existing forcing. The numerical simulations show that, for a given value of H 1/50 , the beach resilience increases as the value of G increases ( Figure 15b and Table 5 ). Therefore, alongshore diffusivity plays an important role on beach resilience in the study area.
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where is assumed equal to 0.15 m 1/2 s −1 , ℎ * is the closure depth, B is the berm elevation, ⁄ , is the value of ⁄ at breaking [40, 41] , is the wave angle breaking with respect to the mean rectilinear trend of the shoreline. The diffusivity is associated to the longshore spreading of a shoreline perturbation owing to its departure from equilibrium for the existing forcing. The numerical simulations show that, for a given value of ⁄ , the beach resilience increases as the value of increases (Figure 15b and Table 5 ). Therefore, alongshore diffusivity plays an important role on beach resilience in the study area. Figure 15 . Beach resilience after structure removal: (a) shoreline change with respect to time after the structure removal and (b) resilience index temporal evolution. 
Conclusions
A field and numerical study of shoreline resistance and resilience was conducted on a sea-breeze dominated sandy beach. The following conclusions were found:
(1) Analysis of high-spatial and temporal resolution field observations showed a high growth rate of the perturbation due to a groin disturbance and a lower decaying rate after the disturbance removal. (2) A new shoreline evolution model was calibrated with field observation and was able to reproduce both the perturbation growth and decay observed in the field. (3) A parametric numerical study suggests that shoreline resistance decreases with wave conditions enhancing alongshore sediment transport; whereas the resilience increases as a function of the alongshore diffusivity. 
